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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

RESULTS OF MEASUREMENTS OF MAXIMUM LIFT AND BUFFETING 
INTENSITIES OBTAINED DURING FLIGHT INVESTIGATION 
OF THE NORTHROP X-4 RESEARCH AIRPLANE 
By Thomas F. Baker 

SUMMARY 


The variation of the intensity of buffeting experienced throughout 
the operational region of the Northrop X-i<- airplane and the values of 
maximum and peak normal -force coefficients in the Mach number range from 
about 0.40 to 0.92 have been determined. The data were obtained during 
turns and stalls at approximately 50^000 feet. The values of maximum 
lift attained by the Northrop X-4 airplane decreased from a normal -force 
coefficient of about 0.77 at a Mach mmiber of 0.40 to a normal-force 
coefficient of 0.54 at a Mach number of 0.84. Maximum lift at Mach num- 
bers greater than 0.84 were not attained because of insufficient longi- 
tudinal control. The low values of maximum normal-force coefficient 
attained by the Northrop X-4 airplane as compared with those attained by 
conventional (tailed) swept-wing aircraft were partially attributed to 
the detrimental effects of the elevens. 

The buffet boundary, which separates smooth flight from buffeting 
flight, decreased from a normal -force coefficient of O.515 at a Mach n\jm- 
ber of 0.425 to a constant value of 0.420 at a Mach number of 0.575* At 
Mach numbers greater than about 0.64, no buffet boundary could be estab- 
lished because of the existence of buffeting at all values of normal-force 
coefficient at Mach numbers greater than about 0.62. An intensity-rise 
bo\uidary, above which buffet intensities increased rapidly with lift, was 
found to extend from a normal-force coefficient of 0.54 at a Mach number 
of 0.45 to a normal-force coefficient of 0.4l at a Mach number of 0.86. 

The maximum observed incremental fluctuations of airplane normal-force 
coefficient due to buffeting were of the order of zNZJjj = ±0.25 
occurred during stalls at low Mach numbers. Buffet intensities of 
AOjj = ±0.10 were observed during turns to maximum lift at a Mach number 

of approximately O.80. 
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In comparison vith a conventional swept-wing airplane, the buffeting 
experienced by the Northrop X-4 airplane occurred at substantially lower 
values of normal-force coefficient but the maximum buffet intensities of 
the two airplanes were of the same order. When compared on an angle-of- 
attack basis, it was found that the intensity-rise boundaries of the two 
airplanes were almost coincidental. 

The maneuvering range of the Northrop X-^ was fo\md to be limited by 
maximum attainable lift and control ineffectiveness and was not limited 
by the onset of high- intensity buiffeting. The magnitude of the buffeting 
encountered was objectionable to the pilots only at normal-force coeffi- 
cients close to maximimi lift. No alleviating effect, insofar as buffeting 
is concerned, was produced by the absence of a horizontal tail. 


INTRODUCTION 


The Northrop X-14- airplane was constructed as part of the Joint 
NACA — Air Force — Navy research airplane program primarily to provide 
research information on stability and control characteristics at high 
subsonic Mach numbers. This paper presents the results of an investiga- 
tion with the X-4 airplane to determine the maximum lift and buffeting 
characteristics of a swept-wing conf igirration without a horizontal tail. 

Buffeting may be defined as an aerodynamically induced structioral 
vibration of one or more components of an airplane. During previous 
investigations, it was fouind that the region in which buiffeting is 
encoxintered may be defined in terms of lift coefficient (or angle of 
attack) and Mach number. The origin of buffeting lies in the pressure 
fluctuations associated with separated flow and with turb\xlent wakes. 

The structurally elastic components of the airplane (wing, stabilizers, 
and fuselage) generally respond to the pressure fluctuations at frequen- 
cies close to their natirral structural frequencies. The vibrations of 
all the various components, regardless of frequency, are reflected at the 
airplane center of gravity as fluctuations in acceleration. The buffet 
data presented in this paper are the re stilts of measurements of these 
acceleration fluctuations. 


SYMBOLS 


CNa 


airplane normal -force coefficient, nW/qS 


^Njnax 


maximum normal-force coefficient 
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hp pressure altitude, ft 

incidence angle of wing, deg 

M Mach number 

n airplane normal load factor 

p static pressure, Ib/sq ft 

q dynamic press\ire, O.TM^P, Ib/sq ft 

E Reynolds number 

S wing area, sq ft 

W airplane weight, lb 

a airplane angle of attack, deg 

av angle of attack of wing, a + i-y^, deg 

6g eleven deflection, deg 

incremental fluctuation of airplane normal-force 
coefficient due to buffeting, W Zki/qS 

An incremental fluctuation of load factor due to bvtffeting 

AIRPLANE AND INSTRUMENTATION 


The Northrop X-4 airplane is a semitailless airplane having a verti- 
cal tail but no horizontal tail. Longitudinal and lateral control is 
achieved by elevens located on the outboard trailing edge of the wing. 

The eleven system is an irreversible hydraulic -powered system. No direct 
mechanical control of the elevens is provided for the pilot. The control 
stick "feel" is provided synthetically by means of springs and a force - 
producing bellows assembly. The airplane is powered by two Westinghouse 
J-30-WE-7-9 engines and is designed for flight research in the high sub- 
sonic speed range. The physical characteristics of the airplane are 
listed in table I. Photographs are shown in figure 1 and a three-view 
drawing is presented in figure 2. 

Standard NACA recording instruments, synchronized by a common timer, 
were used to measure all quantities pertinent to this investigation. 
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TESTS AND PROCEDURE 


The data presented were obtained during wind-up turns and acceler- 
ated stalls at approximately 30,000 feet with the airplane in the clean 
configuration. The Mach number range covered during maneuvering flight 
extended from M ~ 0.40 to M ~ 0.84. Level flight Mach numbers of the 
order of 0.92 were attained. 

The values of maximum lift for the X-4 airplane are defined as the 
airplane normal -force coefficient beyond which the normal-force coeffi- 
cient decreases with Increase in angle of attack. The buffet intensities 
were determined by measuring the double amplitude of the fluctuations of 
the normal-acceleration trace, converting the measurements into incre- 
mental values of acceleration lAn, and calculating values of incremental 
normal-force coefficient ACij. Buffet intensities were meas\ired only 
during periods of increasing normal, acceleration and positive pitching 
velocity. 

Two typical records of normal acceleration are reproduced in fig- 
ure 3* The start of buffeting is indicated at time 7*7 seconds in fig- 
ure 3(a). The fluctuations in normal acceleration occur predominantly 
at two frequencies, 11 and 30 cycles per second. Inspection of records 
taken during various flight conditions Indicated that the most severe 
buffeting occurred at the lower freqiiency. ‘ The accelerometer used for 
b\iffet- intensity determination is an air-damped instrument having a natu- 
ral frequency of 21 cycles per second. The response of this Instrument 
varies with air density and with forcing frequency. The Incremental 
acceleration data obtained from it have been corrected for both variants 
by using a forcing frequency of 11 cycles per second as the basis of 
frequency correction. 


RESULTS AND DISCUSSION 
General Flight Characteristics 


The operational region of the X-4 airplane is shown in figure 4. 

Lines of constant normal load factor for a wing loading of 35 pounds per 
square foot and an altit\ide of 30^000 feet are shown as a matter of inter- 
est. The shaded area of figure 4 indicates the region in which b\affeting 
is experienced. Llftwlse, the airplane is limited by maximum attainable 
normal -force coefficients at Mach nimibers below 0.84 and by longitudinal 
control Ineffectiveness at higher Mach numbers. The majcimum speed of the 
airplane was limited to M~ 0.92 because of violent lateral and longi- 
tudinal oscillations. The longitudinal instability boundary for the air- 
plane is shown in figure 4. Detailed presentation of the resxilts of 
handling-qualities investigations with the airplane is given in reference 
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Maximum Lift 

The values of maximum lift (considered herein as synonymous with 
maximum normal-force coefficient) attained hy the X-k aiiplane (fig. 4) 
were considerably lower than those of conventional airplanes. Stall 
warning was provided by an increase in the intensity of the buffeting 
at normal-force coefficients about O.lCjj below nwYltmiTn lift. In gen- 
eral, the buffeting below the instability boimdary is not objectlonal to 
the pilots. Detailed results of low-speed stall tests are given in ref- 
erences 1 to 5- 

The low valiies of maximum normal -force coefficient attained by this 
airplane are the result of the use of the outboard trailing edges of the 
wing as lateral and longitudinal control surfaces. The considerable 
scatter in the values of shown in figure 4 is caused by varia- 

tions in the position of the elevens. The reduction in lift caused by 
negative deflections of the elevens is illustrated in figure 5 where 
typical flight-test variation of normal -force coefficient and elevon 
positions with angle of attack are compaxed with wind-tunnel values of 
normal-force coefficient at various elevon positions. The wind-tunnel 
data through maximum lift for 6g = 0° and up to an angle of attack of 
6° for deflected elevens were obtained from reference 4. At angles of 
attack greater than 6°, the decrement in lift due to elevon position was 
estimated from various published wind-tunnel data. At low values of 
normal -force coefficient, the flight-test data are in agreement with the 
wind-tunnel data but, at the stall, flight-test values of normal-force 
coefficient are higher than the estimated wind-tunnel values at compara- 
tive elevon positions. The differences between the data are probably 
due to the difference In Reynolds nimiber but may be due to Incorrect 
estimation of the decrement In lift caused by elevon deflection. It 
should be noted that, although right and left elevon positions are approx- 
imately eq^ual In figure 5, lift can be appreciably decreased by Increase 
In the up deflection of either elevon. 


Buffeting 

Buffet boundary . - The portion of the operational region of the X-i<- 
airplane In which buffeting was experienced is presented in figiare i^■. 

As indicated in this figure, a definite line of transition between smooth 
flight and biaffeting flight has been found to exist up to a Mach nijmber 
of about 0.64. This line of transition, or buffet boundary, is defined 
by the Mach numbers and normal -force coefficients at which buffeting is 
first apparent as normal-force coefficient is increased. At Mach ntim- 
bers greater than about M = 0.62, buffeting exists at all flight-attained 
values of lift coefficient, but the intensity of the bxaffeting is of very 
low intensity at normal-force coefficients less than about 0.4. At low 
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lifts 


(Cna"^ 0.4), 


the transition from smooth flight to b\jffeting 


flight occurred in the Mach number range from 0.62 to 0.64, but a defi- 
nite boundary defining the exact conditions at which the transition 
occurred could not be determined. 


Intensity of b\iCfeting .- Typical variations of bijffet intensity ACjj 

with normal-force coefficient at Mach nxjmbers of approximately 0.6l and 
0.80 are presented in figure 6. The data were obtained from the records 
of normal acceleration reproduced in figure 5* At the lower Mach number 
(fig. 6(a)) smooth flight exists until a normal-force coefficient of 0.43 
is attained; whereas, in figure 6(b) (M » 0.80), the airplane is bibffeting 
at the start of the run = 0.l6). The buffeting indicated in figure 
6(b) at normal-force coefficients between 0.l6 and 0.45 is typical of the 
low-lift buffeting experienced by this airplane at Mach nimibers above 
0.62. At normal -force coefficients greater than 0.45 in figure 6(b), the 
buffet intensity Increases rapidly with A similar abrupt Increase 

in buffet intensity can be noted in figure 6 (a). These abrupt increases 
in buffet intensity, which occur somewhat above the buffet boimdary at 
low Mach numbers and which denote the end of low-lift buffeting at high 
Mach numbers, vary consistently with Mach number and noimal-force coeffi- 
cient and effectively establish a bovindary above which buffeting can be 
considered induced by lift (or angle of attack). The bxiffet boxmdary 
and the "intensity- rise" boundary for the X-4 airplane are presented in 
figure 7» Although the btiffet boundary separates the region of smooth 
flight from that in which b'uffetlng is encountered, the intensity-rise 
boimdary is of importance because it indicates the depth to which the 
biiffet region can be penetrated before buffeting of increasing severity 
is experienced. 

The variations of buffet intensity with normal -force coefficient, 
of which the data of figure 6 are typical, were determined for various 
Mach numbers throughout the speed range of the airplane. These data 
have been summarized in figure 8. It may be seen that a slight increase 
in the intensity of low- lift buffeting occurred as Mach number increased. 
The highest Intensity of low- lift biiffetlng observed was on the order of 
ACjj = ±0.015, which is considered of low intensity. The ca\ise and nature 

of the low-lift buffeting which occurred at Mach numbers greater than 
0.62 and normal-force coefficients below the intensity-rise are not known. 
The low-lift bxoffeting could not be felt by the pilot and had no effect 
on handling and maneuvering characteristics. 

Inspection of the data of figure 6 shows that, at normal -force 
coefficients above the intensity rise, the increase in buffet Intensity 
with lift is somewhat random. Actixally, it was found that the buffet 
intensities experienced diiring several maneuvers performed \ander si mi lar 
conditions generally fell within the envelope described by the peak 
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values of ACjj during any one maneuver. The various bioffet-lntensity 
regions shown in figure 8 were determined from such envelopes. As maxi- 
m\mi lift was approached, the Increase in buffet intensity with lift was 
too rapid for the exact regions of constant -intensity bi;if feting to be 
shown in figure 8. The data of flg\ire 6 are illustrative of this effect. 
The maximum buffet intensities observed were of the order of 2!iCjj = ±0.25 

and occiarred dvirlng stalls at low Mach numbers. Buffeting intensities 
of ~ ±0.10 were experienced during tixms to maximum lift at Mach 

numbers around 0.80. The peak value of buffet intensity that might be 
reached dixring a turn or stall to maximum lift appeared to depend on the 
length of time the airplane remained at maximum lift and the angle of 
attack attained. Control position and rate of pitch appear to have some 
effect on the intensity of buffeting at any given lift, but no investi- 
gations to measirre these effects have been conducted. 

Pilots ' opinion . - Correlation of the data of figure 8 with pilots' 
comments indicated that buffet intensities less than about = ±0.02 

cannot be felt by the pilots. Buffet intensities from ACn = ±0.02 to 
±0.06 were described as "tolerable" and intensities greater than 
ACk = ±0.06 were termed "objectionable." It should be noted at this 
point that incremental accelerations rather than incremental values of 
normal-force coefficient form the basis for the pilots' opinion of buf- 
feting, and, therefore, the values of ACjj which are determined for 
objectional buffeting at one altitude might not be applicable at an 
appreciably different altitude. Buffet frequency, wing loading, noise 
level, and the pilot's familiarity with buffeting flight also appear to 
affect what is termed tolerable or objectionable buffeting. 

Buffeting frequencies .- In general, the frequencies at which an 
airplane buffets coincide with the natural structural frequencies of the 
airplane. Buffet frequencies of 21, 17, and 55 cycles per second 
have been measiired from records of normal acceleration. Higher but inde- 
terminate frequencies were also observed. The pertinent natviral struc- 
tural freq'uencies of the airplane from reference 5 are as follows; 

Freqijency, cps 


Mode : 

First symmetrical wing bending 11.5 

First unsymmetrical wing bending 15 .5 

First vertical fin bending I8.5 

First s ymme trical and unsymmetrical torsion 28.0 

Second symmetrical wing bending 28.5 

Second unsymmetrical wing bending 57*5 


The buffet frequency most predominant in terms of amplitude and 
occ\arrence was 11.0 cycles per second, althoiigh buffeting corresponding 
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to the torsional frequency of the wing was appreciable at high lifts and 
high Mach numbers. The predominant buffet frequencies of the swept -wing 
Douglas D-558-II airplane were similar to those of the Northrop X-i<- air- 
plane in that they corresponded to the natural structural bending and 
torsional frequencies of the wing. 


Conqjaxisons 

The maximum lift and buffet -intensity data obtained with the X-i^■ air 

plane are compared in figvire 9 with the peah normal -force coefficients 

and buffet intensities obtained for the D-558-H airplane. The D-558-H 

data are unpublished. Most of the difference between the peak airplane 

normal-force coefficients for the D-558-H airplane and the values of 

Cw for the X-4 is attributed to a laxge contribution to normal force 
«max 

of the D-558-II fuselage at high angles of attack, but part of the differ 
ence is due to the detrimental effect on lift of the X-4 elevens. Com- 
parison of the b\affet intensities for the X-4 and D-558-H airplanes 
shows that the X-4 airplane biiffets at substantially lower values of 
normal -force coefficient than does the D-558-H airplane . 

The regions of high- intensity buffeting for both airplanes axe indi- 
cated in figure 9 as AC]^ > +O.06, but the variation of buffet intensity 
with normal -force coefficient for the two airplanes is not similar. The 
intensity of buffeting experienced by the D-558-II airplane increases 
more gradually with lift than does that of the X-k airplane, and, unlike 
the buffeting of the X-4 airplane, the intensities measuxed with the 
D-558-II airplane appear to reach some maximum value before maximum lift 
is attained. The highest buffet intensities observed for the X-k at maxi 
mum lift were of the same order as the maximum intensities encountered 
by the D-558-H airplane. 

It is of interest to compare the intensity-rise boundaries of the 
two airplanes on both a normal -force coefficient and an angle-of -attack 
basis. These data are shown in figure 10. It is apparent that, although 
elevon deflection decreases the lifting effectiveness of the X-k wing, 
separation and buffeting are not Induced at lower angles of attack. On 
the other hand, the elimination of a horizontal tail on the X-k has not 
alleviated the buffeting problem. 

The maneuvering range of the X-k airplane is limited by maximvim lift 
and control ineffectiveness and is not limited by the onset of high- 
intensity buffeting. The maneuvering range of the more conventional 
D-558-II airplane is extensive at all Mach numbers but is affected by 
both longitudinal instability and high- intensity buffeting at normal - 
force coefficients substantially below the peak values shown in figure 9. 


CONFIDENTIAL 


NACA RM L55G06 


CONFIDENTIAL 


9 


CONCLUDING REMARKS 


The variation of the intensity of buffeting experienced throughout 
the operational region of the Northrop X-4 airplane and the values of 
maximum peeik normal -force coefficients in the Mach nimiber range from 
about OAO to 0.92 have been determined. The values of maximum lift 
attained by the Northrop X-4 aiip)lane decreased from a normal-force coef- 
ficient of about 0.77 at a Mach number of 0.40 to a normal -force coeffi- 
cient of 0.54 at a Mach number of 0.84. Maximum lift at Mach numbers 
greater than 0.84 were not attained because of ins\jfficlent longitudinal 
control. The low values of maximum normal -force coefficient attained by 
the Northrop X-4 as compared to those attained by conventional (tailed) 
swept-wlng aircraft was partially attributed to the detrimental effects 
of the elevens. 

The buffet bo\mdary, which separates smooth flight from buffeting 
flight, decreased from a normal -force coefficient of O .515 at a Mach 
mimbpr of 0.425 "to a constant value of normal -force coefficient of 0.420 
at a Mach number of O. 575 . At Mach numbers greater than about 0.64, no 
buffet boimdary coiold be established because of the existence of bvif- 
feting at all values of normal-force coefficient at Mach numbers greater 
than about 0.62. An intensity-rise boiondary, above which buffet intensi- 
ties increased rapidly with lift, was found to extend from a normal -force 
coefficient of 0.54 at a Mach number of 0.45 to a normal -force coeffi- 
cient of 0.4l at a Mach number of 0.86. The maximum observed incremental 
fluctuations of airplane normal-force coefficient due to biaffeting were 
of the order of = ±0.25 and occvirred dxiring stalls at low Mach num- 

bers. Buffet intensities of A% = ±0.10 were observed during t\ims to 
maximum lift at a Mach number of approx ima tely 0 . 80 . 

In comparison with a conventional swept-wing airplane, the buffeting 
experienced by the Northrop X-4 airplane occurred at substantially lower 
values of normal-force coefficient but the maximum buffet intensities of 
the two airplanes were of the same order. When compared on an angle-of- 
attack basis, it was found that the intensity-rise botindarles of the two 
airplanes were almost coincidental. 

The maneuvering range of the Northrop X-4 was found to be limited 
by maximum attainable lift and control Ineffectiveness and was not limited 
by the onset of high- intensity buffeting. The magnlt^ide of the btof feting 
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encountered was objectionable to the pilots only at normal-force coeffi- 
cients close to maximum lift. No alleviating effect, insofar as buf- 
feting is concerned, was produced by the absence of a horizontal tail. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va., Jvine l 8 , 1955. 
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TABLE I. - PHYSICAL CHARACTERISTICS OF NORTHROP X-k AIRPLANE 

Engines (two) Westin^ouse J-50-WE-7-9 

Rating (each), static thrust at sea level, Ih l600 

Airplane weight: 

Maximum (258 gal fuel), lb 782O 

Mini. mm (lO gal trapped f\xel), lb 6452 

Wing loading: 

Maximm, Ib/sq ft 59*1 

M ini mum, Ib/sq ft 32 • 2 

Center-of -gravity travel: 

Gear up, full load, percent M.A.C I8.3 

Gear up, post flight, percent M.A.C 16.3 

Gear down, fvill load, percent M.A.C 18.6 

Gear down, post flight, percent M.A.C I6.7 

Height, over-all, ft l4.83 

Length, over-all, ft 23.25 

Wing: 

Area, sq ft 200 

Span, ft 26.83 

Airfoil section NACA 0010-64 

Mean aerodynamic chord, ft 7 *81 

Aspect ratio 3*6 

Root chord, ft 10.25 

Tip chord, ft 4.67 

Taper ratio 2.2:1 

Sweepback (leading edge), deg 41.57 

Dihedral (chord plane), deg 0 

Wing boundary-layer fences: 

Length, percent local chord 30.0 

Height, percent local chord 5.0 

Location, percent semispan 90.0 

Wing flaps ( split ) : 

Area, sq ft I6.7 

Span, ft 8.92 

Chord, percent wing chord 25 

Travel, deg 30 

Dive-brake dimensions as flaps: 

Travel, deg t60 
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TABLE I. - PHYSICAL CHARACTERISTICS OF NORTHROP X-k AIRPLANE - Concluded 


Elevens : 

Area (total), sq ft . . . 
Span (two elevens), ft 
Chord, percent wing chord 
Movement : 

Up, deg 

Down, deg 

Operation 


17.20 

15.i^5 

20 

35 

20 

Hydraulic with electrical emergency 


Vertical Tail: 


Area, sq ft I 6 

Height, ft 5.96 


Rudder: 

Area, sq ft 
Span, ft 
Travel, deg 
Operation . 


. 4.1 

. 4.5 

. +30 

Direct 
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(a) Three-quarter front view. 


(b) Side view. L“71523 

Figure 1.- Views of Northrop X-4 airplane. 
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Figure 5-- Typical records of normal acceleration dioring buffeting. 
Northrop X-4 airplane; hp *= 50,000 feet. 
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Figure 4.- Operational region of the Northrop X-4 airplane, 
hp 50,000 feet; | = 55- 
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Figure 5*- Variation of flight-determined airplane normal -force coeffi- 
cient and eleven positions with angle of attack and comparison with 
wind-tunnel normal-force coefficients at various eleven positions. 
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Figure 6.- Typical variation of buffet intensity with airplane normal- 
force coefficient, hp 50,000 feet. 
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Figure 7>- The buffet boundary and buffet intensity-rise boundary for 
the Northrop X-4 airplane, hp 50,000 feet. 
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Figure 8.- The variation of buffet intensities with airplane normal-force 
coefficient and Mach number. Northrop X-4 airplane; hp 30,000 feet. 
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Figure 9-- Comparison of the buffet 
Northrop X-L airplane with those 
airplane, hp =» 50,000 feet. 
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Figure 10.- Comparison of the buffet intensity-rise bovindaries of the 
Northrop X-U and Douglas D-558-H airplanes, hp =» 50,000 feet. 
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